We present the results of a study of stellar population properties at large galactocentric radii of 14 low-mass early-type galaxies in the Fornax and Virgo clusters. We derive radial profiles of Age, total metallicity [Z/H], and [α/Fe] abundance ratios out to ∼ 1 − 3 effective radii by using nearly all of the Lick/IDS absorption-line indices in comparison to recent single stellar population models. We extend our study to higher galaxy mass via a novel literature compilation of 37 early-type galaxies, which provides stellar population properties out to one effective radius. We find that metallicity gradients correlate with galactic mass, and the relationship shows a sharp change in slope at a dynamical mass of ∼ 3.5 × 10 10 M ⊙ . The central and mean values of the stellar population parameters (measured in r r e /8, and at r = r e , respectively) define positive mass trends. We suggest that the low metallicities, almost solar [α/Fe] ratios and the tight mass-metallicity gradient relation displayed by the low-mass galaxies are indicative of an early star-forming collapse with extended (i.e., 1 Gyr), low efficiency star formation, and mass-dependent galactic outflows of metal-enriched gas. The flattening of metallicity gradients in high-mass galaxies, and the broad scatter of the relationship are attributed to merger events. The high metallicities and supersolar abundances shown by these galaxies imply a rapid, high efficiency star formation. The observed [Z/H]-mass and [α/Fe]-mass relationships can be interpreted as a natural outcome of an early star-forming collapse. However, we find that hierarchical galaxy formation models implementing mass-dependent star formation efficiency, varying IMF, energy feedback via AGN, and the effects due to merger-induced starbursts can also reproduce both our observed relationships.
INTRODUCTION
The spatial distribution of stellar population properties in early-type galaxies are the chemodynamical fossil imprints of galaxy formation and evolution mechanisms. The efficiency of different physical processes is expected to vary with radius leaving measurable changes at different galactocentric radii. Thereby, providing unique constraints on the galaxy formation mechanisms predicted by competing scenarios.
In the past years an increasing number of observational ⋆ Email: mspolaor@astro.swin.edu.au studies have focused their effort in probing stellar populations beyond the galactic cores (e.g., Mehlert et al. 2003; Sánchez-Blázquez et al. 2007; Annibali et al. 2007 ). However, these previous studies lack to consider low-mass, lowluminosity galaxies because the intrinsic low surface brightness of these objects makes the measurement of their properties at large galactocentric radii observationally challenging. The aim of this paper is to provide a clear picture of the stellar population properties at large radii, and their relationship to galaxy structural parameters over a comprehensive galaxy mass range.
In the classical models of monolithic collapse (Larson 1974; Larson 1975; Carlberg 1984; Arimoto & Yoshii 1987; Pipino & Matteucci 2004 ), early-type galaxies form during dissipational infall of cooling gas. Massive galaxies are predicted to form in a short and intense burst of star formation, whereas dwarf galaxies experience more extended and intermittent star formation (Matteucci 1994; Thomas 1999; Chiosi & Carraro 2002) . The gas flowing to the centre of the galaxy is chemically enriched by evolving stars, and contributes as metal-rich fuel for star formation. Thus, a negative radial metallicity gradient is established. Metallicitydependent gas cooling and a time-delay in the occurrence of galactic winds (i.e., onsets that vary with the local escape velocity) can cooperate in steepening any metallicity gradients (Martinelli et al. 1998; . A strong correlation between metallicity gradient and galaxy mass is expected (Chiosi & Carraro 2002; Kawata & Gibson 2003) .
[α/Fe] abundance gradients are suggested to be a consequence of interplay between local differences in the star formation timescale and gas flows (Angeletti & Giannone 2003; .
In the hierarchical merging scenario (e.g., Cole et al. 1994; Kauffmann & Charlot 1998; De Lucia et al. 2004 ), early-type galaxies form by merging events. The properties of merger remnants are related to the progenitors' mass ratio, amount of gas content and the geometry of the collision (Mihos & Hernquist 1994; Naab et al. 2006) . Mergers are expected to flatten any ambient gradients (e.g., Kobayashi 2004) . Central bursts of star formation induced by the merger can partially regenerate the metallicity gradients and create age gradients (e.g., Hopkins et al. 2009) . A weak relation between mass and metallicity gradients is expected (Kobayashi 2004 ). Positive or negative [α/Fe] gradients can form depending on the chemical enrichment of the pristine gas and the duration of the burst (Thomas et al. 1999a ; Thomas & Kauffmann 1999b ). Recent models include energy feedback due to active galactic nuclei (AGN) to stop the star formation in massive galaxies, thus producing a mass-dependent star formation history Springel et al. 2005; Croton et al. 2006; ).
Here we further consolidate the findings of Spolaor et al. (2009b) (hereafter Paper I) on kinematic and photometric properties at large galactocentric radii of 14 low-mass early-type galaxies in the Virgo and Fornax clusters. We study the spatial distribution of luminosity−weighted Age, total metallicity [Z/H] and α-element abundance ratio [α/Fe] of out to ∼ 1 − 3re by using nearly all of the Lick/IDS indices. The comparison of these line-strength indices with single stellar population models (SSPs) is found to be successful (e.g., Trager et al. 2000; Proctor & Sansom 2002; Thomas et al. 2005) in breaking the well known age/metallicity degeneracy (Worthey 1994) . We extended our study to a broad galactic mass range, introducing a novel literature compilation of stellar population properties out to one effective radius for a sample of 37 early-type galaxies of higher mass. We compare properties measured at different galactocentric radii encompassing different percentages of the total stellar mass. The implications for mass scaling relations are considered. By comparing our results to model predictions we constrain the mechanisms for the formation and evolution of early-type galaxies.
This paper is organised as follows. In Section 2, we describe the data sample. In Section 3, we describe our spectroscopic observations and data reduction. In Section 4, we present the stellar population analysis. In Section 5, we introduce the radial profiles for the 14 low-mass galaxies. In Section 6, we describe the stellar population properties of the entire galaxy sample. In Section 7, we discuss our results in the context of predictions from competing galaxy formation scenarios. Section 8 presents a summary of our findings.
2 THE DATA SAMPLE 2.1 Low-mass galaxies
Our sample consists of 14 low-mass early-type galaxies in the Virgo and Fornax clusters. The six galaxies in the Fornax cluster are chosen from the catalogue of Ferguson (1989) , while the eight galaxies in the Virgo cluster are from the catalogue of Binggeli et al. (1985) . Galaxies of low-mass are selected on the basis on their central stellar velocity dispersion σ0 and the absolute B-band total magnitude MB, both of which are known to be independent proxies of galaxy mass. The sample uniformly covers the range 1.6 < log(σ0) < 2.15 and −16.5 > MB > −19.5. This translates to a dynamical mass range of about 10 9 < M dyn /M⊙ < 10 11 , using the relation log(M dyn ) = 2 log(σ0) + log(re) + 5.0 where re is the effective radius in parsecs (Cappellari et al. 2006) . The main properties of the galaxy sample are summarised in Table 1 .
High-mass galaxies
We extend our study to higher galaxy mass by using data for 37 early-type galaxies compiled from the literature. The properties of these galaxies and the specific studies they have been drawn from are given in Table A1 .
We stress that the observing and data reduction procedures used in these literature studies closely resemble those used in this work. The final sample of 51 early-type galaxies is uniquely uniform due to the use of nearly all of the Lick/IDS indices and the steps taken in the stellar population analysis. Specifically, the same χ 2 minimization technique and single stellar population models have been used to convert Lick/IDS indices to stellar population parameters (see Sec. 4 for more details). The data sample comprehensively covers the range 1.6 < log(σ0) < 2.6 and −16.5 > MB > −23.5, corresponding to 2.5 × 10 9 < M dyn /M⊙ < 4 × 10 11 . For completeness, we briefly describe the six studies from which these data are obtained. Spolaor et al. (2008a,b) studied the star formation and chemical evolutionary history of the two brightest galaxies of the NGC 1407 group. Sánchez-Blázquez et al. (2007) used Keck LRIS long-slit spectra to study a sample of 11 early-type galaxies covering a wide range in mass and environment. Brough et al. (2007) focused on the stellar population and kinematic properties of three nearby brightest group galaxies and three brightest cluster galaxies located at z ∼ 0.055. Reda et al. (2007) analysed the metallicity gradients of 12 isolated luminous early-type galaxies. The sample of Proctor (2003) consists of 11 early-type galaxies located in the Leo cloud and the Virgo cluster. We note that five of the 11 galaxies of Ferguson (1989) and Binggeli et al. (1985) ; (2): alternative galaxy name; (3): morphological type from the HyperLEDA database; (4): B-band effective radius along the galaxy semi-major axis from the HyperLEDA database; (5): position angle of the major axis; (6, 7): central stellar velocity dispersion and radial velocity from Paper II; (8): distance to the galaxy using the distance modulus derived from surface brightness fluctuations of Tonry et al. (2001) , Mei et al. (2005) and Blakeslee et al. (2009) ; we applied the correction of Jensen et al. (2003) to the values of Tonry; (9): total B-band absolute magnitudes estimated from total apparent magnitudes given in the NASA/IPAC Extra-galactic Database and corrected for Galactic extinction; (10): dynamical mass of the galaxy using the log(M dyn ) = 2 log(σ 0 ) + log(re) + 5.0, where re is the effective radius expressed in parsecs (Cappellari et al. 2006) . 3 OBSERVATIONS AND DATA REDUCTION
GMOS long-slit spectroscopy
The observations were made using the Gemini Multi-Object Spectrograph (GMOS) mounted on the Gemini South telescope in long-slit spectroscopy mode. The six galaxies in the Fornax cluster were observed in semester 2006B (Program ID GS-2006B-Q-74), while the eight galaxies in the Virgo cluster were observed in semester 2008A (Program ID GS-2008A-Q-3) . Four 1800s exposures were taken for each galaxy except FCC 335, for which two exposures of 1800s were taken. At the beginning of each exposure, the slit was centred on the nucleus and oriented along the major axis of the galaxy. The GMOS detector comprises three 2048 × 4608 EEV CCDs with a pixel size of 13.5 ×13.5 µm 2 . We adopted the standard full frame readout and, to enhance the signal-to-noise, we selected to bin 2× spatially, yielding a resolution of 0.145 arcsec pixel −1 . The slit width was set to 1.0 arcsec for the 2006B run and 0.5 arcsec for the 2008A run. It was 5.5 ′ in length in both cases. For the 2006B run, we used the 600 line mm −1 grism blazed at 5075Å, providing a dispersion of 0.457Å pixel −1 and a wavelength coverage of 3670−6500Å. For the 2008A run, we used the 600 line mm −1 grism blazed at 5250Å with 0.458Å pixel −1 , covering the wavelength range of 3860−6670Å. The instrumental set up provided a spectral resolution, as measured from the full width at half maximum (FWHM) of the arc lines, of ∼ 4.21Å (2006B run) and ∼ 2.45Å (2008A run). During the observations, the seeing varied from 0.7-arcsec to 1.0-arcsec FWHM, which is more than adequate for the purposes of our study. Spectrophotometric and radial velocity standard stars covering a range of spectral classes were observed as calibrators. These stars belong to both the Lick/IDS stellar library (Worthey 1994) and MILES library (Sánchez-Blázquez et al. 2006b ). Bias frames, dome flat-fields and copper−argon (CuAr) arcs were also taken for calibration.
Data reduction
The data reduction was carried out using the Gemini/GMOS IRAF package (version 1.9.1). The software also computes the data quality and variance planes, producing an associated error spectrum for each data spectrum. This allows us to perform an accurate error analysis, with full propagation of errors through to the derivation of stellar population parameters. Each object frame is treated separately. Initial reduction of the CCD frames involves overscan correction, bias and dark subtraction, flatfield correction and cosmic ray removal. The flatfield correction is performed by means of both a quartz-halogen lamp (taken with the Gemini calibration unit, GCAL) and twilight spectra, which are normalised and divided from all the spectra. This process corrects for pixelto-pixel sensitivity variations and for two-dimensional largescale illumination patterns due to slit vignetting. Cosmic rays are identified and eliminated by interpolating each line of an image with a high order function. The residuals (cosmic ray hits) that are narrower than the expect instrumental line width are replaced with the fitted value. The package GSWAVELENGTH is used to establish an accurate wavelength calibration from copper−argon (CuAr) arc images taken just before and after each exposure. Each spectrum is converted to a linear wavelength scale using roughly 130 arc lines fitted by 3th-5th order polynomials. An accuracy of better than 0.1Å is consistently achieved for the wavelength calibration solution along the whole spectral coverage. The spectra are also corrected for geometrical distortions along the spectral directions (S-distortion). The spectral resolution is derived as the mean of the Gaussian FWHMs measured for a number of unblended arc-lamp lines which are distributed over the whole spectral range of a wavelengthcalibrated spectrum.
To obtain reliable measurements of the Lick/IDS indices at large galactic radii, it is critical to perform an accurate sky subtraction. Sky contamination becomes increasingly significant for the outer parts of the galaxy. In these regions, the level of galaxy light can be a few percent of the sky signal. Cardiel et al. (1995) show the effect of incorrect sky subtraction on the measurement of line-strength indices radial profiles. This effect represents one of the main sources of systematic errors in the analysis of the stellar population radial trends. The generous field-of-view of GMOS and the intrinsic low luminosity of our sample allow us to accurately estimate the sky continuum from the edges of the slit, where the galaxy light is negligible. The sky level is estimated by interpolating along the outermost 10−20 arcsec at the two edges of the slit and subtracted from the whole image. A sky subtraction accurate to within 1 percent is achieved, guaranteeing negligible related systematics on the measured indices.
For each galaxy, we obtain four fully reduced galaxy frames of identical exposure time. These are then co-added to form a single frame. The final galaxy frame is a twodimensional spectrum from which we extract 1D spectra along the slit. The spatial width (i.e. the number of CCD rows binned) for each extracted 1D spectrum increases with radius to achieve a minimum signal-to-noise (S/N) perÅ of ∼ 35 in the spectral region of Mg b . By adopting this criterion we have been able to obtain reliable measurements of line-strength indices and, therefore, stellar population radial trends to galactocentric radii of ∼ 3re.
STELLAR POPULATION ANALYSIS
The wavelength range of our spectroscopic observations covers the 21 line-strength indices of the original Lick system defined in Faber et al. (1985) and Worthey (1994) , plus the 4 additional age-sensitive Balmer lines HδA, HγA, HδF , and HγF as presented in Worthey Ottaviani (1997) . The raw line-strength indices are measured using the method described in Proctor & Sansom (2002) and adopting the definition of Trager et al. (1998) for index spectral pseudocontinua and bandpasses. The raw indices are then calibrated to the Lick/IDS system and converted to stellar population parameters of luminosity-weighted Age, total metallicity [Z/H] and α-element abundance ratios [α/Fe] by comparison with single stellar population models. The details of this procedure are described in the following sub-sections.
Calibrations to the Lick/IDS system
The procedure to calibrate raw indices to the Lick/IDS system involves three different steps: (i) the correction for differences in the spectral resolution between the Lick/IDS system and our observations; (ii) the correction for broadening due to internal velocity dispersion of the observed galaxies; (iii) the correction for differences in flux calibration between our data and the stellar calibration spectra due to continuum shape offsets. The procedure is based on the method presented in Proctor & Sansom (2002) , but see also Appendix A in Spolaor et al. (2008b) .
Briefly, the spectra of galaxies with resolution higher than that of the Lick/IDS system are convolved with an appropriate Gaussian prior to index measurement. The Lick/IDS spectral resolution for each index is estimated from fig. 7 of Worthey Ottaviani (1997), as in table 2 of Proctor & Sansom (2002) . When the opposite condition is found and the resolution exceeds that of the Lick/IDS system, the indices are measured from the observed Lick/IDS standard stars after convolving the spectra with a series of Gaussians of known widths. This procedure allows us to estimate the appropriate correction factors for indices in our galaxies. In order to estimate the differences in flux calibration we measure the indices in each of the observed standard stars after broadening to the appropriate resolution. The difference between our measurements and those taken on the Lick/IDS system (Worthey 1994 ) of the same standard stars are given in Table 2. The measured offsets are then applied to the spectral resolution and velocity dispersion broadening corrected indices. Index errors arise from two types of errors which are added in quadrature: (i) random statistical errors due to Poisson noise; (ii) uncertainties in recession velocity, velocity dispersion and systematic errors originating from the conversion onto the Lick/IDS system quantified using the error on the mean of the offsets. The systematic and random errors are of the same order (e.g, Proctor et al. 2004; Sánchez-Blázquez et al. 2007 ). These errors are taken into account in the single stellar population model fitting procedure.
Emission-line correction
Emission lines of different intensity can be seen in a large percentage of early-type galaxies. They affect the measurement of the Hβ, HγA,F , HδA,F , Fe5015, and Mg b Lick/IDS indices.
In order to estimate the flux from emission lines we use the GANDALF software (Sarzi et al. 2006) . The software finds the combination of template spectra which best reproduce the galaxy spectrum and simultaneously fits the emission lines as additional Gaussian templates. Thus, the emission spectra are subtracted from the galaxy spectra and the Lick/IDS indices are measured in the emission-free spectra. We use template spectra from the MILES standard star library (Sánchez-Blázquez et al. 2006a). The approximate sensitivity to the detection of emission lines in a typical 1D spectrum of our dataset, which has a median S/N ∼ 35, is ∼ 0.27Å. We find that only few galaxies present emission lines, and their intensity level is weak. 
Stellar population model-fitting
We compare the measured Lick/IDS indices to single stellar population models of Thomas et al. (2003 Thomas et al. ( , 2004 . The advantage of these models is that they reproduce the effects of varying α-abundance ratios on Lick/IDS indices. (Proctor & Sansom 2002) . The strength of the method is that it works with as many indices as possible in order to break the age-metallicity degeneracy that affects each index differently. Observed indices that are highly deviant from model values can be easily flagged and excluded by the fitting process through a 3σ clipping procedure. The fit is re-iterated on the remaining indices until a stable solution is found. We stress that this methodology allows us to derive values of stellar population parameters that are robust against data reduction uncertainties such as flux calibration errors, stray cosmic rays, sky-line residuals, velocity dispersion errors, errors in the conversion to the Lick system, emission line-filling, etc.
The errors on the derived stellar population parameters are estimated by means of Monte Carlo simulations. The best-fitting SSP model values are convolved with a Gaussian of width equal to the index error estimates. Hence, stellar population parameters are measured from index values which are randomly selected from the simulated distribution. The final errors are the rms values derived by repeating this procedure 50 times. We find that median errors estimated from our observational errors are ± 0.07 dex, ± 0.04 dex, and ± 0.05 dex respectively for log(Age), [Z/H], and [α/Fe]. The uncertainties associated with the specific SSP models produce systematic errors larger than those estimated by the Monte Carlo realisations. Although the modelrelated errors become statistically significant when comparing our results to those of other works that use different SSP models, they do not affect the analysis of stellar population radial gradients or relationships within our data sample.
Radial profiles of Ages, Metallicities, and Abundance Ratios
The radial profiles of Age, [Z/H], and [α/Fe] measured along the major axis of the 14 low-mass galaxies are presented in Values are expressed as a function of the galactocentric radius of the aperture from which they are derived. This radius is then scaled with the effective radius to allow us a consistent comparison between profiles of different galaxies. The profiles have been folded onto the positive side of the major axis with respect to the galaxy's centre. In this way, we can evaluate asymmetries between the two sides. We find that parameters measured at same radii from the two major axis's sides are similar within the errors, suggesting a largescale chemical coherence.
In Appendix B we give a description of the observed radial profiles for each galaxy in the sample.
GALAXY PROPERTIES
In this section, we combine our results on low-mass galaxies with the properties of the high-mass galaxy sample described in Section 2.2. This allows us to analyse stellar population properties at large radii over a comprehensive mass range.
Stellar population gradients
We measure radial gradients of stellar population by performing a weighted linear least-squares fit to the data points, of the form:
where r is the galactocentric radius, re the effective radius and Pr e is the stellar population parameter evaluated at re. Gradients express the derivative variation of each stellar population parameter along the galactocentric radius scaled by the effective radius. We denote them as grad Age, grad [Z/H] and grad [α/Fe]. The fit considers data points out to one effective radius, but it excludes points from apertures extracted within a radius equal to the seeing disc. By Figure 2. The major-axis stellar population parameters of the Virgo cluster low-mass galaxies. Description is as for Fig. 1 . doing this we can consistently compare our results with gradients measured in the data sample of high-mass galaxies. We report the gradient values in Table C1 .
We find that gradient values remain statistically similar when we include points beyond one effective radius, i.e. out to the largest observed radii. We have verified this to be valid for all the low-mass galaxies in our sample with extended stellar population radial profiles. However, we can not confirm that this is the case for the high-mass galaxies, due to fact that their stellar population profiles do not extend beyond one effective radius.
In Fig. 4 , we show the relation between stellar population gradients and central velocity dispersion σ0 of galaxies. The central velocity dispersion is known as galaxy mass indicator (e.g., Graves et al. 2009 ) and it is measured by averaging the dispersion values within a radius of re/8.
We find that metallicity gradients of early-type galaxies correlate well with galactic mass. We find no significant gradients in Age and [α/Fe] and no relation against the mass.
Originally reported in Spolaor et al. (2009a) , the massmetallicity gradient relation shows a different trend for low-mass (i.e., 1.6 < log(σ0) 2.15) and high-mass (i.e., 2.15 < log(σ0) < 2.6) galaxies, with a sharp transition point at log(σ0) ∼ 2.15. The trend established by lowmass galaxies is remarkably tight, and their metallicity gradients become less negative and hence shallower with decreasing mass. At the very low-mass end, log(σ0) < 1.8, gradient values change sign becoming positive or nil. In the range 1.6 < log(σ0) < 2.15, the slope of the relation is −0.83 ± 0.05. The transition point at log(σ0) ∼ 2.15 marks the beginning of a downturn from the tight lowmass trend. Galaxies with increasing mass are characterised by shallower metallicity gradients. However, the downturn is marked by broad scatter and some of the most massive galaxies have steeper negative gradients. A non-parametric Spearman rank-order test, performed on all data points in the range 2.15 < log(σ0) < 2.6, gives a level of significance lower than 0.04; that is, there is a probability greater than 96 per cent that a correlation exists. 0.11 ± 0.13 0.27 ± 0.11 0.24 ± 0.14 Age [Gyr] 11.7 ± 1.5 11.7 ± 1.5 11.7 ± 1.5 [Z/H] −0.27 ± 0.22 −0.05 ± 0.20 −0.13 ± 0.22 [α/Fe] 0.15 ± 0.11 0.25 ± 0.12 0.22 ± 0.13 Table 3 . Statistics of stellar population properties for our sample galaxies; stellar population gradients, central and mean stellar values. The median values are for distributions of low-mass galaxies (1.6 < log(σ 0 ) 2.15), high-mass galaxies (2.15 < log(σ 0 ) < 2.6), and the entire data sample (1.6 < log(σ 0 ) < 2.6).
The number distribution of stellar population gradients for the entire data sample are shown in Fig. 4 . Median values are given in Table 3 . We also plot histograms of the subsamples of low-mass galaxies, 1.6 < log(σ0) 2.15, and high-mass galaxies, 2.15 < log(σ0) < 2.6.
The metallicity gradient distributions peak at negative gradient values. The entire data sample and the high-mass galaxies have similar distributions, with almost equal median values. On the other hand, low-mass galaxies have on average shallower negative gradients. In the histograms of Age and [α/Fe] gradients for the entire data sample and the high-mass galaxies the peaks are at almost null gradient value. Low-mass galaxies have on average very shallow positive Age and [α/Fe] gradients.
Our results are in agreement with previous findings of stellar population gradients in high-mass galaxies. Mehlert et al. (2003), Annibali et al. (2007) and Rawle et al. (2008) considered stellar population gradients in early-type galaxies out to almost one effective radius. . Stellar population gradients of our sample galaxies. Left plots (from top to bottom): age, metallicity and abundance ratio gradients as a function of central stellar velocity dispersion (a proxy for galaxy mass). In the grad [Z/H]-log(σ 0 ) diagram, the red line shows a weighted least-squares linear fit to the data points for low-mass galaxies. Right plots (from top to bottom): histograms of the stellar population gradients. In each plot, the distributions for the entire data sample (black shaded region), the low-mass galaxies (red solid line) and the high-mass galaxies (blue dashed lines) are shown. The median values are shown as superimposed arrows: at the top of the histograms for the entire data sample (black arrow) and at the bottom for low-mass galaxies (red solid arrow) and high-mass They analysed objects with central velocity dispersion in the range 2.1 log(σ0) 2.5. In general, Age and [α/Fe] gradients are found to be negligible, whereas metallicity gradients become shallower with increasing mass. The median values derived for the metallicity gradients distributions in these studies are respectively −0.16, −0.21 and −0.20 dex per decade. The lower value found by Mehlert et al. (2003) is probably due to the fact that they derive gradients of total metallicity [Z/H] from radial profiles of just a few spectral indices Mg, Fe and Hβ. In Kobayashi & Arimoto (1999) , the average of metallicity gradients was as steep as −0.3 dex per decade, and no relation between gradients and mass is found. Table C2 . Following Kobayashi & Arimoto (1999) , we define mean values of stellar age Age , total metallicity [Z/H] and α−abundance ratio [α/Fe] of a galaxy as the parameters measured at one effective radius. The difference between this definition and the average of values from apertures within one effective radius is related to the stellar population gradients, and is negligibly small (see Eq. (22) of Kobayashi & Arimoto 1999) . We find that if the gradient absolute value is smaller than 0.3 dex per decade then the two mean values differ of ∼ 0.05 dex. If the gradient's absolute value ranges between 0.3 and 0.6 dex per decade then a difference of ∼ 0.09 dex is detected. These values are comparable to the stellar population parameters errors estimated by our stellar population model-fitting analysis. Mean stellar values of our sample galaxies are given in Table C3 .
In Fig. 5 , we compare the mass trends defined by central and mean stellar population parameters. In Fig. 6 we plot the histograms of central and mean stellar parameters for the entire data sample and for the subsamples of low-mass (1.6 < log(σ0) 2.15) and high-mass galaxies (2.15 < log(σ0) < 2.6). Median values are given in Table 3 .
We find a clear mass-metallicity relation for our sample galaxies, such that the metallicity increases with increasing galactic mass. The comparison between the distributions of [Z/H]0 and [Z/H] values indicates that central galactic regions are more metal-rich then the rest of the galaxy. We find that our best-fitting parameters, given in Table 4 , of the central and mean metallicity-mass relations reveal a statistically significant difference not only in zero point but also in slope. This is attributed respectively to stellar population metallicity gradients and to the mass-metallicity gradient relation. In fact, we have previously found that the sample galaxies have an average metallicity gradient of −0.23 ± 0.14 dex per decade. However, we have also found that metallicity gradients in low-mass galaxies are on average flatter than those in high-mass objects. This effect is such that the [Z/H]0-log(σ0) and [Z/H] -log(σ0) fits tend to converge with decreasing mass. The residuals to the best fit are found not to correlate with other parameters.
The mass-[α/Fe] relations for our data sample has a remarkably small scatter that is preserved along the entire mass range. Massive galaxies have significantly supersolar abundance ratios, while low-mass galaxies have ratio comparable to stars in the solar neighbourhood. The mass-[α/Fe] and mass-[α/Fe]0 relationships are statistically equivalent (Table 4) . A similar conclusion is reached by inspecting the distributions of the two abundance ratio parameters.
The age of the galaxies is found to be the least variable among the three plotted parameters. In general, galaxies of similar mass have ages which can differ by several gigayears. However, there exists a weak trend such that most massive galaxies have older ages than low-mass systems. We performed a weighted least squares fit to the data points; best-fitting parameters are reported in Table 4 . The mean stellar age of galaxies is observed to be older than their central age. In fact, the Age0 and Age distributions peak at old age values and their median values differ by ∼ 2 Gyrs.
In Table 5 , we summarise the findings by previous studies on mass trends of central stellar population values. A consistent comparison is hindered by differences in the data samples (i.e., mass range), and in the techniques adopted in estimating stellar population parameters. However, we find that the work of Nelan et al. (2005) is the most comparable to our study. In particular, they derive central stellar population properties of 4097 red-sequence galaxies from the NOAO Fundamental Plane Survey (NFPS), by comparing all of the Lick/IDS indices to SSP models of Thomas et al. (2003 Thomas et al. ( , 2004 .
In the literature, the existence of an Age0-log(σ0) relation is still under debate. Jørgensen (1999) Annibali et al. (2007) and Graves et al. (2007) claim a clear correlation between the two parameters. Nelan et al. (2005) claim a steepen of the relation for galaxies with central stellar velocity dispersion values less than log(σ0) ∼ 2.1. Our results do not allow us to confirm this change in slope, but we observe a sudden drop to younger age values for low-mass galaxies in comparison to the older high-mass objects. All previous studies find a correlation between central metallicity and mass of early-type galaxies. However, the measured slope values can differ up to 30 percent. Our results are in good agreement with the values of Nelan et al. (2005) . The slope values for the [α/Fe]0-log(σ0) relation measured by Mehlert et al. (2003) , Thomas et al. (2005) , Nelan et al. (2005) , Bernardi et al. (2006) , Smith et al. (2006) , Annibali et al. (2007) and Graves et al. (2007) are similar to ours.
Relations between stellar population parameters
The relationships between central stellar population parameters Age0, [Z/H]0, and [α/Fe]0 of our sample are shown in Fig. 7 . These parameters are known to individually correlate with mass (e.g., Trager et al. 2000) . Therefore, in the plots we encode the data points as low-mass and high-mass objects, divided at a transitional mass of log(σ0) = 2.15. We find that galaxies with younger central age have a higher central metal content, which implies that the young Table 4 . Best-fitting parameters to our central and mean values of stellar population parameters versus mass relations.
stars are formed out of pre-enriched gas. Jørgensen (1999), Poggianti et al. (2001) and Thomas et al. (2005) observe a similar trend in their data sample of early-type galaxies, although Kuntschner (2001) argues that the observed agemetallicity anticorrelation is more likely to be an artefact caused by errors due to the well known age-metallicity degeneracy (Worthey 1994 ). 
The best-fitting parameters of a weighted least squares fit to our data samples are α = 0.80 ± 0.08 , β = 0.36 ± 0.09 and γ = 1.24 ± 0.04. Therefore, the Age0-[Z/H]0 diagram in Fig. 7 is a projection of the metallicity hyperplane. In each plot, the distributions for the entire data sample (black shaded region), the low-mass galaxies (red solid line) and the high-mass galaxies (blue dashed lines) are shown. The median values are shown as superimposed arrows: at the top of the histograms for the entire data sample (black arrow) and at the bottom for low-mass galaxies (red solid arrow) and high-mass galaxies (blue dashed arrow). Kuntschner (2001) 2.0 − 2.6 none 0.9 − Mehlert et al. (2003) 1.9 − 2.6 none 0.77 ± 0.10 0.36 ± 0.09 Thomas et al. (2005) 2.1 − 2.5 0.78 ± 0.23 0.42 ± 0.14 0.36 ± 0.05 Nelan et al. (2005) 1.9 − 2.4 0.59 ± 0.13 0.53 ± 0.08 0.31 ± 0. 1.6 − 2.6 0.57 ± 0.14 0.59 ± 0.10 0.38 ± 0.07 Table 5 . Literature compilation of best-fitting slopes to central values of stellar population parameters versus mass relations. † : Sánchez-Blázquez et al. (2006b) find a slope of 0.00177 ±0.00033 for low-density environment galaxies, whereas they don't find a relationship for galaxies in high-density environments.
[α/Fe]0 values with respect to more metal-poor and lower abundance ratio low-mas galaxies. 
DISCUSSION

Origin of metallicity gradients
Below we discuss the origin of metallicity gradients in our sample galaxies in the context of competing galaxy formation mechanisms. In Fig. 8 , the mass-metallicity gradient relation is compared to numerical simulations by Kawata & Gibson (2003) , Kobayashi (2004 Kobayashi ( , 2005 and Hopkins et al. (2009) . The chemodynamical simulations of Kawata & Gibson (2003) model the formation of early-type galaxies via the dissipative collapse of a gas cloud, upon which CDM perturbations are superimposed. Kobayashi (2004 Kobayashi ( , 2005 simulate the formation and chemodynamical evolution of field elliptical galaxies with a variety of merging histories in a CDMbased scenario. A number of physical processes, such as radiative cooling, star formation, energy feedback via Type II and Ia supernovae and stellar winds, and chemical enrichment from intermediate mass-stars are included in the models. Hopkins et al. (2009) reproduce elliptical galaxies with a variety of metallicity gradients in simulations of equalmass mergers of gas-rich disc galaxies, including feedback processes from galactic winds and black hole growth.
The strong grad [Z/H]-mass trend exhibited by our lowmass galaxies (i.e., 1.6 < log(σ0) 2.15) is in good agreement with the predictions of Kawata & Gibson (2003) . In order to produce the steepening of gradients with increasing mass, an early star-forming collapse with varying star formation efficiency is required. The interplay between the efficiency of radiative cooling and feedback heating is such that the gas infall rate decreases with increasing galactic mass. In more massive galaxies, the sinking gas is chemically enriched with a greater efficiency. Consequently, the Figure 8 . Metallicity gradients as a function of galaxy central velocity dispersion. Black points indicate our observations. The predictions of an early star-forming collapse of Kawata & Gibson (2003) are shown as black dashed lines. The region occupied by the remnants of major mergers between gas-rich disc galaxies, as simulated by Hopkins et al. (2009) , is shown by the light yellow shading. The red crosses indicate merger remnants simulated by Kobayashi (2004) .
rate at which new metal-rich stars are formed and therefore the final slope of the metallicity gradient increase with increasing mass. The almost solar [α/Fe] abundance ratios found for the galaxies imply a gradual conversion of gas into stars. The tight [α/Fe]-mass relation that they form indicates a star formation efficiency that varies with mass (see also next section).
In Paper I, we studied the kinematic and photometric properties of these galaxies, and the results support the above scenario. The galaxies are found to host old stellar discs which extend to the largest observed radii (i..e, ∼ 3re). This cold stellar component is the dominant source of their dynamical support. Gas dissipation and redistribution of angular momentum during an early star-forming collapse are suggested to be responsible for generating the observed large amount of rotational support. In particular, low star formation efficiency with a gradual conversion of gas into stars at all galactic radii (i.e., out to ∼ 3re) is required to explain the observed prevalence of discy-shaped orbits and the radial variation of their ellipticity.
The metallicity gradients in the galaxies simulated by Kobayashi (2004 Kobayashi ( , 2005 are steeper at log(σ0) < 2, and with a larger scatter around log(σ0) ∼ 2.2 than those of our lowmass galaxies (i.e., 1.6 < log(σ0) 2.15; see Fig. 8 ). In the simulations, the large scatter originates from the difference in the merging histories, with the flatter gradients formed by major merger. Although we need further data to confirm it, the small scatter observed in our relationship could indicate an homogeneous formation history, in agreement with our previous findings of an early star-forming collapse, and that intermediate-mass (log(σ0) ∼ 2.2) early-type galaxies are not formed by major merger.
The sharp trend transition at log(σ0) ∼ 2.15 in the grad [Z/H]-log(σ0) diagram (Fig. 8) is such that for galaxies of higher mass (i.e., 2.15 < log(σ0) < 2.6) the relationship deviates from the predictions of Kawata & Gibson (2003) , and shows a large scatter. In the literature, this mass value (i.e., 3.5×10 10 M⊙) often marks a transition in the properties of physical mechanisms acting in early-type galaxies (e.g., Kauffmann et al. 2003; Croton et al. 2006; Cattaneo et al. 2008) . The gradients in high-mass galaxies tend to flatten with increasing mass producing a downturn from the lowmass regime. The merger-based models of Hopkins et al. (2009) well reproduce the region occupied by metallicity gradients of high-mass galaxies.
The principal factors that contribute in flattening the gradients are the progenitors' mass ratio and their initial pre-merger gradients. For example, progenitors with identical initial gradients and a gas content that is 10 percent of the total stellar mass of the discs, produce a final gradient that is almost 50 percent shallower than that generated by progenitors with a gas content of 40 percent. In a merger between progenitors with identical initial gradients but without merger-induced star formation, the remnant has a gradient up to 40 percent flatter than the originals (Di ). Only 3 Gyr after the merging, time evolution is predicted to weaken the gradients up to 10 percent of their original slope. For completeness, we note that the kinematic and photometric properties of more massive galaxies are well known to be consistent with the predictions of gas-rich disc galaxies mergers (e.g. Bender et al. 1994; Naab et al. 2006; Cox et al. 2006) . We attribute the downturn to be a consequence of merging and the broad scatter a natural result of the different merger properties.
The situation for the massive galaxies with the steeper negative gradients is more puzzling. These galaxies are classified as brightest group and cluster galaxies and their gradients are not reproduced by the models. A possible interpretation is that after their merger assembly, their position at the bottom of the gravitational potential well of group/cluster of galaxies favours the accretion of surrounding gas from cooling flows. This induces further central star formation thus steepening the metallicity gradients. However, the old stellar age (i.e., 8 Gyrs) of the central regions place the last major gas-accretion event at redshift z 1. Alternatively, these galaxies were formed in an early dissipational collapse during a very efficient star-forming episode. The high efficiency in converting gas into stars coupled with energy feedback processes prompted the steep gradients. Consequent passive evolution preserves the gradients.
Do the [Z/H]-mass and [α/Fe]-mass relations have a common origin?
The physical mechanism endorsed by chemodynamical models (e.g., Matteucci 1994; Kawata & Gibson 2003; Kobayashi 2004) In this interpretation, the conversion efficiency of gasphase metals into new stars decreases to lower galaxy mass, leading to extended star formation. The low metallicities observed in our low-mass galaxies could indicate a depletion of metal-enriched gas by mass-dependent galactic outflows, due to energy feedback (i.e., mass-dependent galactic winds), and facilitated by the shallow gravitational potential well. On the other hand, high-mass galaxies are able to retain a greater amount of the chemical enriched gas, which therefore can be converted and locked into new metal-rich stars. The [α/Fe] ratio can be used to distinguish between rapid, efficient star formation and extended, less efficient star formation. This is motivated by the time-delay in the production of Fe-peak elements with respect to α-elements, due to the different timescales of Type Ia and Type II SNe. An analytical link between [α/Fe] ratio and star formation timescale was proposed by Thomas et al. (2005) . The [α/Fe] is proportional to the logarithm of the timescale of a starforming episode, assuming a Gaussian star formation rate (SFR). They show that a composite stellar population with a ratio [α/Fe] = 0.2 requires a formation timescale 1 Gyr. The supersolar abundance ratio observed in the high-mass galaxies implies a rapid and efficient star formation episode. The star formation history of our low-mass galaxies is expected to last for several gigayears, thus yielding solar [α/Fe] ratio, and is required to be less efficient. In particular, a long period of time is necessary for the metal contribution of Type Ia SNe to become relevant such that it dilutes the [α/Fe] ratio.
The almost negligible [α/Fe] gradients displayed by our galaxies, at any given galaxy mass and out to large radii, might indicate that regions at different galactocentric radius have similar star formation timescales.
The above given interpretation of the observed [Z/H]-mass [α/Fe]-mass relationships is a natural outcome of the early star-forming collapse scenario. On the other hand, the failure in simultaneously reproducing the [Z/H]-mass and [α/Fe]-mass relationships is a well known problem for models of the hierarchical merging scenario (e.g., Thomas et al. 1999a ). The complication lies in the fact that mechanisms required to satisfy the former relation tend to worsen the agreement with the latter, and vice-versa (e.g., . In particular, the [α/Fe]-mass relation is often interpreted as observational evidence for downsizing (e.g., Somerville et al. 2008; Fontanot et al. 2009 ). Thomas (1999) and Thomas & Kauffmann (1999b) were the first to study the [α/Fe] abundance ratio in models with star formation histories derived from a hierarchical semi-analytical galaxy formation model. The models of Nagashima et al. (2005a,b) included the chemical enrichment from a variety of elements due to Type Ia and Type II SNe and a varying initial mass function. However, all of these studies obtain a decrease of the [α/Fe] abundance ratio with increasing mass because of the over-extended star formation histories in high-mass galaxies. In the simulations of Pipino et al. (2009) , a significant improvement at high masses is obtained by quenching the star formation via AGN feedback in massive haloes. They suggest that a better suppression of star formation at low and intermediate masses is required to avoid the presence at high redshift of lowmass supersolar α-elements enhanced galaxies. This is an essential requirement to hierarchically build more massive galaxies with the observed [α/Fe] abundance ratios.
Recently, the simulations of Arrigoni et al. (2009) and Menci (2009) coupled detailed galactic chemodynamical evolution models to semi-analytic hierarchical galaxy formation models. Both studies adopt a varying initial mass function and AGN energy feedback. In Fig. 9 , we compare our centrally based [Z/H]-mass and [α/Fe]-mass relations to their models.
The models by Arrigoni et al. (2009) are for a Chabrier IMF with slope of x = 1.1 and a given fraction A = 0.015 of binaries responsible for Type Ia SNe. The slope of the predicted mass-metallicity relation is slightly steeper than our data. The effect of a shallower IMF is an increase in metallicity, since more massive stars are produced, thereby increasing the gas enrichment efficiency. There is good agreement between observed and model abundance ratios, although at higher galaxy mass the predicted values are too low. The lower ratio of Type Ia to Type II supernovae produces an increase in the degree of α-elements pollution, but not in the total metallicity. Furthermore, AGN quenching of star formation via radio mode energy feedback contributes in shortening the star formation episode of more massive galaxies.
The agreement between observed and predicted metallicities and abundance ratios by Calura & Menci (2009) is good, although high-mass galaxies are less metal-enriched and [α/Fe]-enhanced than our data. These results are obtained by implementing a star formation-dependent IMF which is a standard Salpeter with slope x = 1.35 in objects with SFRs < 100 M⊙/yr, and with a slope of x = 1 in objects with SFRs > 100 M⊙/yr. This assumption is perhaps the main difference between the two sets of models. In particular, Calura & Menci (2009) stress that a constant IMF, flatter than the Salpeter, similar to that one used by Arrigoni et al. (2009) , has an effect on the zero point but not in the slope of the [α/Fe]-mass relation. A star formationdependent IMF is consistent with recent observational results of Dabringhausen et al. (2009) . Finally, the implementation of effects due to merger-induced starbursts and AGN energy feedback in massive galaxies is found to be essential ingredients in these models.
SUMMARY AND CONCLUSIONS
We have presented a study of stellar population properties at large galactocentric radii of early-type galaxies. We used high-quality Gemini GMOS long-slit spectroscopic data to probe radii out to ∼ 1 − 3re in 14 low-mass galaxies in the Virgo and Fornax clusters. We extended the data sample to higher mass galaxies by introducing a novel literature compilation of stellar population properties out to 1re for a sample of 37 early-type galaxies. Stellar population radial profiles of age, total metallicity [Z/H], and [α/Fe] abundance ratio were derived by using almost all of the Lick/IDS indices. The comprehensive mass range uniformly covered by the final data sample (1.6 < log(σ0) < 2.6; −16.5 > MB > −23.5; 10 9 < M dyn /M⊙ < 10 11 ) allows us to have a clear and consistent picture of stellar population properties at large radii from dwarf to brightest cluster galaxies.
Among the stellar population parameters, the total metallicity content of a galaxy shows the strongest variation as a function of galactocentric radius. The metallicity gradients are found to correlate with the galaxy mass. The mass-metallicity gradient relation shows a very different behaviour at low and high masses, with a sharp transition being seen at a dynamical mass of ∼ 3.5 × 10 10 M⊙. Low-mass galaxies (i.e., 1.6 < log(σ0) 2.15) form a tight trend with mass such that their metallicity gradients become shallower with decreasing mass. The results imply a varying star formation efficiency with mass. The extended old stellar discs and the prevalence of discy-shaped isophotes indicate gas dissipation and redistribution of angular momentum during an early star-forming collapse (Paper I). We conclude that our data are more consistent with low-mass galaxies formed in a mass-dependent early star-forming collapse.
For galaxies with mass greater than the transition mass (i.e., 2.15 < log(σ0) < 2.6), the metallicity gradients become shallower as mass increases, thus deviating from the tight low-mass trend. We note that this transition mass value often occurs in the literature to mark a transition between physical mechanisms acting in early-type galaxies formation. We suggest that the downturn is a consequence of the increased frequency of mergers in high-mass galaxies. More massive galaxies are expected to undergo a greater number of mergers to assemble their mass. Thus, their final gradients progressively flatten out. The different nature of merger properties (i.e, progenitors' mass ratio, the amount of gas content and the geometry of the collision) are responsible for producing the observed scatter.
Mean stellar ages are in general slightly older than cen-tral ages. Galaxy ages form a weak mass trend, such that more massive galaxies have older ages than low-mass systems. We find that central and mean stellar metallicities define a clear mass-metallicty relation for our sample galaxies. The [Z/H]0-log(σ0) and [Z/H] -log(σ0) relationships differ not only in zero point but also in slope, such that the former trend is steeper. The mass-metallicity gradient relation is responsible for this difference. Massive galaxies have supersolar abundance ratios, while low-mass objects have values similar to those in stars in the solar neighbourhood. The [α/Fe] ratios suggest a rapid (i.e., 1 Gyr) and efficient star formation for the high-mass galaxies. Low-mass galaxies experience an extended (i.e., 1 Gyr) and less efficient star-forming episode. The negligible [α/Fe] gradients at any given mass and out to large radii could imply similar star formation timescales for regions at different galactocentric radii. We find that the [Z/H]-mass and [α/Fe]-mass relationships can be explain by a mass-dependenet star formation efficiency. This interpretation is a natural outcome of the early star-forming collapse. In models of the hierarchical merging scenario the problem of simultaneously reproducing both the observed relationships might be solved if varying IMF, energy feedback via AGN in massive galaxies, and the effects due to merger-induced starbursts are also implemented (Arrigoni et al. 2009; Calura et al. 2009 ).
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B2 FCC 153 (IC 1963)
The radial profiles of the stellar population parameters reach almost four effective radii. The age and α−abundance ratio profiles are flat and they have mean values of Age = 3.8 Gyr and [α/Fe] = 0.04. Interestingly, we found that the total metallicity content increases with increasing galactocentric radius, from a starting central value of [Z/H]0 = 0.29. We measured a positive metallicity gradient of 0.07 ± 0.04 dex per decade.
B3 FCC 170 (NGC 1381)
We studied the stellar population parameters out to almost four effective radii. The age profile is uniformly old, with Age = 11.8 Gyr. 
B4 FCC 277 (NGC 1428)
The radial extent of our stellar population analysis reaches two effective radii. The age profile is uniformly old at all radii. The galaxy is observed to be metal poor, [Z/H] = −0.30 with a shallow negative metallicity gradient of −0.16 ± 0.02 dex per decade. The amount of enrichment by α−elements increases with increasing radius, due to a shallow positive radial gradients of 0.10 ± 0.04 dex per decade.
B5 FCC 301(ESO 358-G059)
The stellar population analysis extends out to one effective radius. The galaxy is observed to have a constant age profile with a mean age of Age = 5.0 Gyr. 
B6 FCC 335 (ESO 359-G002)
The stellar population parameters have been observed out to one effective radius. The galaxy has a significant age gradient of 0.47 ± 0.07 dex per decade, with a central age of Age0 = 1.5 Gyr. We measured a positive metallicity gradient of 0.02 ± 0.04 dex per dex. We found that the galaxy is 
B7 VCC 575 (NGC 4318)
The stellar population parameters radial profiles extend to almost two effective radii. The lack of age gradient implies that the galaxy is constantly old at all radii. We measured a mean age of 11.8 Gyr. The galaxy is observed to be metal poor, [Z/H] = −0.30, with a steep negative metallicity gradient. The central α−abundance ratio is solar, but increase to [α/Fe] = 0.15 in the outer galactic regions.
B8 VCC 828 (NGC 4387)
We measured stellar population radial profiles out to almost two effective radii. The age profile is uniformly old, with a mean age of Age = 13.3 Gyr. We found a metallicity gradient of −0. 
B9 VCC 1025 (NGC 4434)
We spatially resolved galactic regions out to almost two effective radii. We detected a positive age gradient along the galaxy's radius of 0.13 ± 0.02 dex per decade. The central age value is Age0 = 9.5 Gyr. The metallicity gradient of −0.33 ± 0.02 dex per decade is the steepest observed in our sample galaxies. The mean α−abundance content is supersolar, [α/Fe] = 0.22 and we detected a statistically significant positive radial gradient.
B10 VCC 1146 (NGC 4458)
The radial extent of our stellar population analysis reach one effective radius. The age radial profile is observed to be uniform with a mean age of 12.0 Gyr. 
B11 VCC 1178 (NGC 4464)
The radial profiles of the stellar population parameters are studied out to three effective radii. The galaxy is constantly old along the galactocentric radius, with a mean age of Age = 12.8 Gyr. We measured statistically significant 
B12 VCC 1297 (NGC 4486B)
We have been able to spatially resolved galactic regions out to four effective radii. The age radial profile is uniform at all radii and we measured Age = 13.0 Gyr. 
B13 VCC 1475 (NGC 4515)
The stellar population analysis extends to two effective radii. The age radial profile has a statistically significant positive gradient of 0.04 ± 0.02 dex per decade. The mean age of the galaxy is of Age = 12.0 Gyr. The galaxy has a negative radial gradient and is metal poor, [Z/H]0 = −0.14. The [α/Fe] radial profile is constant along the galactocentric radius with a mean value of [α/Fe] = 0.12.
B14 VCC 1630 (NGC 4551)
The stellar population parameters radial profiles are studied out to two effective radii. The age profile is observed to slightly increase with increasing radius, from a central age value of Age0 = 10. 2.39 ± 0.01 0.07 ± 0.25 -0.05 ± 0.14 -0.14 ± 0.13 NGC 4636 2.33 ± 0.02 -0.58 ± 0.27 -0.15 ± 0.15 -0.13 ± 0.10 NGC 4697 2.47 ± 0.01 0.01 ± 0.04 -0.10 ± 0.02 0.05 ± 0.08 NGC 5044
2.30 ± 0.01 0.24 ± 0.23 -0.26 ± 0.12 -0.01 ± 0.09 NGC 5322
2.45 ± 0.01 0.08 ± 0.01 -0.20 ± 0.04 0.00 ± 0.05 Abell 754
2.30 ± 0.01 -0.14 ± 0.02 -0.27 ± 0.06 -0.12 ± 0.06 Abell 970
2.31 ± 0.01 -0.16 ± 0.11 -0.15 ± 0.07 -0.07 ± 0.02 Abell 978
2.46 ± 0.01 -0.11 ± 0.08 -0.17 ± 0.05 -0.08 ± 0.02 ESO 153-G003 2.40 ± 0.01 -0.06 ± 0.07 -0.13 ± 0.04 -0.00 ± 0.02 ESO 218-G002 2.49 ± 0.01 -0.08 ± 0.02 -0.14 ± 0.02 0.00 ± 0.04 ESO 318-G021 2.43 ± 0.01 0.10 ± 0.03 -0.21 ± 0.06 0.07 ± 0.03 MCG-01-27-013 2.38 ± 0.01 0.10 ± 0.06 -0.22 ± 0.05 -0.01 ± 0.01 MCG-02-13-009 2.28 ± 0.01 0.07 ± 0.06 -0.29 ± 0.04 -0.03 ± 0.05 MCG-03-26-030 2.36 ± 0.01 0.12 ± 0.01 -0.25 ± 0.03 0.04 ± 0.06 Table C1 . Stellar population gradients for our sample galaxies.
APPENDIX C: STELLAR POPULATION PARAMETERS
